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(57) ABSTRACT 

The movement analysis becomes easy and the control of all 
the movement systems is realized better through the initial 
ization of the multiple coordinate systems. The fundamental 
body portion 6 is coupled to a foot portion 5 through a ?rst 
joint portion 7, a ?rst link 3, a second joint portion 8, a 
second link 4, and a third joint portion 9. The rigidity of the 
?rst link 3 is loWer than that of the fundamental body portion 
6, and the rigidity of the second link 4 is loWer than that of 
the second link 4. It is possible to position the second link 
4 and the foot portion 5 in a high precision to a mechanical 
origin Which is predetermined to the fundamental body 
portion, for the reason of the rigidity relation. Handle 
portions 13 are coupled in tWo positions to the fundamental 
body portion 6. When the Whole posture is initialized based 
on the mechanical origin, the center of gravity G of the 
Whole robot is located betWeen tWo vertical planes contain 
ing the tWo positions. In the initialization, a ?rst joint portion 
7, a second joint portion 8, and a third joint portion 9 are 

(51) Int. Cl.7 ................................................... .. G06F 19/00 located between the two vertical planes. Thus, because the 
(52) US. Cl. ............................................................ .. 700/245 Whole balance is taken, the origin adjustment is easy. 
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BIPED LOCOMOTION ROBOT 

TECHNICAL FIELD 

[0001] The present invention relates to a biped locomotion 
robot. 

BACKGROUND ART 

[0002] A humanoid robot, especially a biped locomotion 
robot has being developed as an autonomous movement 
machine operable in environments for the human beings to 
execute dif?cult activities such as care activity in home and 
rescue activity in a ?re scene instead of the human beings. 
As shoWn in FIG. 1, such a robot is composed of an element 
system of a plurality of elements (head 101, body 102, and 
legs 103) Which are under subordinative control each other 
based on multiple joints, and an element relating system 
Which relates the element system (joints 104, 105, 106, 107, 
108, and 109 as 1-, 2- and 3-aXis rotation systems). The 
Whole control of the element system of the plurality of 
elements and the element relating system is described based 
on multiple variables belonging to each system and multiple 
parameters. HoWever, it is dif?cult to separate independence 
and subordination betWeen the multiple variables in a high 
precision in the development phase actually. Also, it is 
dif?cult to describe a foot rising movement and a foot 
grounding movement on Walking correctly. 

[0003] When a theoretical Walking movement and an 
actual Walking movement do not coincide With each other, 
it Would be analyZed that the cause of the discrepancy 
depends on Which of the variables. However, mechanical 
elements of the plurality of elements have physical param 
eters, and especially the rigidity and mass of each mechani 
cal element have an important in?uence on the Walking 
movement. For this reason, it is difficult to theoretically 
analyZe Whether the instability of control depends on the 
mass of the head or the rigidity of the body or leg. Much 
more, When each mechanical element is not manufactured 
according to theory, the analysis is difficult especially. 

[0004] Therefore, it is important to design a biped loco 
motion robot such that the changeable ranges of the param 
eters of all the elements are restricted in consideration of 
physical characteristics betWeen the elements in advance, 
for the purpose of facilitating the analysis and con?rming 
the quality of the design. Especially, it is important to cause 
effective attenuation of in?uence betWeen composite rota 
tion systems. The de?nition of reasonable rules about the 
adjustment and initialiZation of a mechanical origin de?ning 
an initial condition of the movement is more important to 
prove the quality of the design. 

DISCLOSURE OF INVENTION 

[0005] An object of the present invention is to provide a 
self-controlled biped locomotion robot With a small siZe. 

[0006] Another object of the present invention is to pro 
vide a biped locomotion robot in Which movement analysis 
is easy. 

[0007] Another object of the present invention is to pro 
vide a biped locomotion robot in Which the initialiZation of 
composite coordinate systems is easy. 

[0008] Another object of the present invention is to pro 
vide a biped locomotion robot in Which the control of the 
Whole movement system can be realiZed better. 
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[0009] In an aspect of the present invention, a biped 
locomotion robot is composed of a fundamental body por 
tion, an upper body housing rigidly coupled to the funda 
mental body portion, tWo leg portions movably coupled to 
the fundamental body portion, a foot portion movably 
coupled to each of the tWo leg portions, a head portion 
movably coupled to the upper body housing, and tWo arm 
portions movably coupled to the upper body housing. It is 
desirable that the fundamental body portion functions as a 
mechanical origin. 

[0010] The biped locomotion robot may be further com 
posed of tWo handle portions provided for opposing attach 
ment sections of the fundamental body portion. Thus, the 
Workability and custody can be improved. 

[0011] Also, the center of gravity of the biped locomotion 
robot is desirably located betWeen vertical planes, each of 
Which passes corresponding ends of the attachment sections 
of the handle portions to the fundamental body portion, 
When the biped locomotion robot is in an initial state. 

[0012] Also, each of the tWo leg portions may be com 
posed of a ?rst link functioning to support the fundamental 
body portion through a ?rst joint portion and a second link 
functioning to support the ?rst link through a second joint 
portion. In this case, it is preferable that a horiZontal rotation 
aXis of the ?rst joint portion and a horiZontal rotation aXis of 
the second joint portion are located betWeen the vertical 
planes, each of passes through corresponding ends of the 
attachment sections of the tWo handle portions to the fun 
damental body portion, When the biped locomotion robot is 
in the initial state. Moreover, each of the foot portions may 
support a corresponding one of the second links through a 
third joint portion. It is preferable that a horiZontal rotation 
aXis of the third joint portion is located betWeen vertical 
planes, each of Which passes through the corresponding ends 
of the attachment sections of the tWo handle portions to the 
fundamental body portion, When the biped locomotion robot 
is in the initial state. 

[0013] Also, When each of the tWo leg portions is com 
posed of a ?rst link provided to support the fundamental 
body portion through a ?rst joint portion, and a second link 
provided to support the ?rst link through a second joint 
portion, it is preferable that the rigidity of the ?rst link is 
loWer than that of the fundamental body portion, and the 
rigidity of the second link is loWer than that of the ?rst link. 
It is preferable that the ?rst joint portion has a vertical 
rotation ads. 

[0014] Also, it is desirable that the ?rst joint portion has a 
vertical rotation ads. 

[0015] Also, it is desirable that the upper body housing is 
coupled to the fundamental body portion to provide a gap 
region betWeen the upper body housing and the fundamental 
body portion, and an energy source is arranged in the gap 
region. 

[0016] Also, the biped locomotion robot may further 
include a control unit provided for a back of the upper body 
housing. 

[0017] Also, in another aspect of the present invention, a 
biped locomotion robot is composed of a fundamental body 
portion, tWo ?rst links to support the fundamental body 
portion through a ?rst joint portion, and a second link to 
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support a corresponding one of the ?rst links through a 
second joint portion. The rigidity of the ?rst link is loWer 
than that of the fundamental body portion and the rigidity of 
the second link is loWer than that of the ?rst link. Also, the 
biped locomotion robot is further composed of a foot portion 
to support a corresponding one of the second links through 
a third joint portion. Mechanical stress transferred instanta 
neously through a double pendulum system (3, 4, 7, 8) 
betWeen the fundamental body portion and the foot portion 
is relaXed or damped on the grounding of the foot portion. 
Thus, the control of mechanical origin for a control system 
of the fundamental body portion becomes easy. As a result, 
it becomes easy to position the second link. Moreover, the 
positioning of the foot portion attached to the second link 
With the minimum rigidity becomes easy. 

[0018] In another aspect of the present invention, the 
biped locomotion robot is composed of a fundamental body 
portion in Which a mechanical origin is set, a ?rst link to 
support the fundamental body portion through a ?rst joint 
portion, a second link to support the ?rst link through a 
second joint portion, and a third link to support the second 
link through a third joint portion. The fundamental body 
portion has handle portions, and the handle portions are 
coupled to the fundamental body portion at tWo positions. It 
is desirable that the center of gravity (G) of the robot is 
located betWeen tWo vertical planes passing through the tWo 
positions in the initialiZation of the Whole posture With 
respect to the mechanical origin. As a result, the rotation 
moment When the Whole of robot is carried is small, so that 
the stability of the robot is high and the carrying of the robot 
is easy. In case of the initialiZation, it is desirable that the 
rotation aXis of the ?rst joint portion, the rotation aXis of the 
second joint portion, and the rotation aXis of the third joint 
portion are located betWeen the tWo vertical planes. Espe 
cially, the tWo positions corresponding to the tWo vertical 
planes are determined as tWo separate positions in a front 
direction in case of the initialiZation. It is desirable that the 
handle portions form a reference plane to the mechanical 
origin in case of the initialiZation, and the grounding surface 
of the foot portion can be adjusted based on the reference 
surface of the handle portion. Especially, by adjusting the 
foot portions such that the reference surface of the handle 
portions is parallel to the grounding surfaces of the foot 
portions, the adjustment of the foot portions to the origin 
point becomes easy. The handle portions may be outside an 
exterior body such as a body section cover and may be 
eXposed. Thus, the regular initialiZation Work becomes easy. 

[0019] In another aspect of the present invention, the 
biped locomotion robot is composed of a fundamental body 
portion, an upper body housing supported by the fundamen 
tal body portion, ?rst links to respectively support the 
fundamental body portion through ?rst joint portions, sec 
ond links to respectively support the ?rst links through 
second joint portions, foot portions to respectively support 
the second links through third joint portions, and an upper 
portion supported by the upper body housing through a 
fourth joint portion. The upper body housing is attached to 
the fundamental body portion With a high rigidity, and arm 
portions and a head portion are supported by the upper body 
housing through joint portions. In this Way, the rigidity of the 
support structure to support the head portion and the arm 
portions can be maintained high. The upper body housing is 
supported by the fundamental body portion through side 
plate sections to form a gap region, and an energy source 
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(cell battery and so on) is arranged in the gap region. Thus, 
the use ef?ciency of the space is high. 

[0020] Many various holes and an attachment structure are 
provided for the fundamental body portion for attachment of 
the upper portion and the loWer portion. Therefore, the 
fundamental body portion is formed of thick light alloy as a 
Whole. Aproper reinforcement structure may be used for the 
fundamental body portion. 

BRIEF DESCRIPTION OF DRAWINGS 

[0021] FIG. 1 is a perspective vieW shoWing a conven 
tional biped locomotion robot; 

[0022] FIG. 2 is a perspective vieW shoWing a portion of 
a biped locomotion robot according to an embodiment of the 
present invention; 

[0023] FIG. 3 is a side vieW geometrically shoWing a leg 
portion of the robot shoWn in FIG. 2; 

[0024] FIG. 4 is a perspective vieW shoWing an upper 
body housing; 
[0025] FIG. 5 is a perspective vieW shoWing an upper 
body housing With a cover; 

[0026] FIG. 6 is a side vieW of the biped locomotion robot 
shoWn in FIG. 2; 

[0027] FIG. 7 is a front vieW shoWing a part of the biped 
locomotion robot shoWn in FIG. 2; 

[0028] FIG. 8 is a perspective vieW showing an arm 
portion, a body section, and a head portion; 

[0029] FIG. 9 is a front vieW shoWing a method of 
adjusting a mechanical origin in the biped locomotion robot 
according to the embodiment of the present invention; 

[0030] FIG. 10 is a perspective vieW geometrically shoW 
ing a handle portion; 

[0031] FIG. 11A is a perspective vieW shoWing the 
method of adjusting the mechanical origin in the biped 
locomotion robot according to the embodiment of the 
present invention, and FIG. 11B is a diagram geometrically 
shoWing the method of adjusting the mechanical origin; 

[0032] FIG. 12 is a perspective vieW shoWing a body 
portion With the cover, in Which a poWer supply section is 
installed; 
[0033] FIG. 13 is a perspective vieW shoWing the body 
portion of the biped locomotion robot according to the 
embodiment of the present invention; 

[0034] FIG. 14 is a perspective vieW shoWing the funda 
mental body portion; 

[0035] FIG. 15 is a side expanded vieW shoWing the leg 
portion; and 

[0036] FIG. 16 is a plan vieW of the fundamental body 
portion shoWn in FIG. 14. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0037] Hereinafter, a biped locomotion robot of the 
present invention Will be described in detail With reference 
to the attached draWings. 
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[0038] FIG. 2 is a perspective vieW of the biped locomo 
tion robot according to an embodiment of the present 
invention. Referring to FIG. 2, the biped locomotion robot 
of the present invention is composed of a fundamental body 
portion 6, and a body section 1 and tWo leg portions 2 With 
respect to the fundamental body portion 6. A control unit 26 
is provided on the rear side of the body section 2. In FIG. 
2, only one leg portion is shoWn. 

[0039] Referring to FIG. 3, the fundamental body portion 
6 is a high rigid body. The fundamental body portion 6 is 
supported 2-aXis rotatably by each of the leg portions 2. 
Each leg portion 2 is supported 2-aXis rotatably by a foot 
portion 5. Also, the fundamental body portion 6 is provided 
With tWo side plate sections 12 (not shoWn in FIG. 3) for a 
gap to stand up in both side ends of the fundamental body 
portion 6, as shoWn in FIG. 4. 

[0040] Each leg portion 2 has a ?rst leg portion 3 or ?rst 
link 3 and a second leg portion 4 or second link 4. The ?rst 
leg portion 3 or ?rst link 3 is coupled to the fundamental 
body portion 6 through a 2-aXis rotatable ?rst joint portion 
7. The second leg portion 4 or second link 4 is coupled to the 
?rst leg portion 3 through a 1-aXis rotatable second joint 
portion 8. The foot portion 5 is coupled to the second leg 
portion 4 through a 2-aXis rotatable third joint portion 9. The 
foot portion 5 partially has a ?at foot back surface contacting 
a ?at ?oor or ?at ground. It should be noted that in this 
eXample, the leg portion 2 and the foot portion 5 are coupled 
2-aXis rotatably. HoWever, the leg portion 2 and the foot 
portion 5 may be coupled 1-aXis rotatably. 

[0041] In this Way, the second leg portion 4 is supported 
by the foot portion 5 through the third joint portion 9, and 
the ?rst leg portion 3 is supported by the second leg portion 
4 through the second joint portion 8. Moreover, the funda 
mental body portion 6 is supported by the ?rst leg portions 
3 through the ?rst joint portions 7. 

[0042] As shoWn in FIG. 4, the body section 1 has an 
upper body housing 11. The upper body housing 11 is 
formed of light alloy as a unit. The upper body housing 11 
has a proper thickness and is formed to have a high rigidity. 
The upper body housing 11 is rigidly coupled to the funda 
mental body portion 6 With the side plate sections 12 for the 
gap and is supported by the fundamental body portion 6. The 
upper body housing 11 is separated from an upper portion of 
the fundamental body portion 6 in an upper vertical direction 
by the side plate sections 12. A battery cell case 17 is 
detachably provided in the gap region formed betWeen the 
upper portion of the fundamental body portion 6 and the 
loWer portion of the upper body housing 11. 

[0043] As shoWn in FIG. 4, the upper body housing 11 has 
a head attachment hole 19 in the upper portion 18. Also, the 
upper body housing 11 has arm attachment holes 23 and 24 
in the side portions 11. 

[0044] TWo handle portions 13 are provided for attach 
ment portions corresponding to the side plate sections 12 on 
both sides of the fundamental body portion 6. In more detail, 
the tWo handle portions 13 are ?rmly attached to attachment 
portions 14 on the both side edges of the fundamental body 
portion 6 to oppose to each other. Each of the tWo handle 
portions 13 is attached to the attachment portion 14 at tWo 
positions P and Q. It is preferable that the tWo corresponding 
positions P and the tWo corresponding positions Q are 
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located on a same plane. Also, it is desirable that the plane 
is parallel to a horiZontal plane, namely, is orthogonal to a 
vertical aXis. Especially, it is desirable that the tWo positions 
P and Q are located on a reference plane Which passes a 
mechanical origin to be described later. As shoWn in FIG. 3, 
it is desirable that the center of gravity G of the total mass 
When the biped locomotion robot is complete is positioned 
on a vertical plane Which passes a middle point of the tWo 
positions P and a middle point of the tWo positions Q, or in 
the neighborhood of the vertical plane. 

[0045] As shoWn in FIG. 5, the fundamental body portion 
6 and the upper body housing 11 are covered by a body 
section cover 16. FIG. 6 and FIG. 7 shoW the Whole biped 
locomotion robot When the body section cover 16 is attached 
to the fundamental body portion 6 in this Way. In this case, 
only one leg portion 2 is shoWn in FIG. 7. The handle 
portion 13 is eXposed outside the body section cover 16. The 
body section cover 16 has openings corresponding to the 
head attachment hole 19 and arm attachment holes 23 and 24 
in the upper body housing 11. 

[0046] As shoWn in FIG. 8, the head portion 22 is attached 
to the upper body housing 11 such that the head portion 22 
is adjusted in ads to the head attachment hole 19 of the 
upper body housing 11 through the body section cover 16 
and is supported in the vertical direction. Like the head 
portion 2, the arm portions 25 are adjusted in aXis to the arm 
attachment holes 23 and 24 of the upper body housing 11 
through the body section cover 16, and is attached to the 
upper body housing 11 2-aXis rotatably. That is, as shoWn in 
FIG. 8, the arm portion 25 has the degrees of freedom in 
multiple aXes and is attached to the upper body housing 11 
freely in sWing and turning. The carrying type control unit 
26 is arranged on the back side of the body section cover 16 
and is attached to the fundamental body portion 6, as shoWn 
in FIG. 2. 

[0047] FIG. 9 shoWs a method of adjusting a mechanical 
origin. An element system is composed of a fundamental 
body portion system S1, ?rst link systems S2, second link 
systems S3 and foot systems S4. The state shoWn in the 
?gure is When a Walking eXamination is carried out With an 
arm system omitted. The ?rst link system S2, the second link 
system S3 and the foot system S4 are provided for either side 
but are treated as a single system. 

[0048] As shoWn in FIG. 10, the handle portion 13 has a 
unitary body of transverse bar portions 13A extending in 
transverse directions and a bridge portion 13B eXtending in 
a front direction. The surface of the bridge portion 13B, 
especially, the loWer surface of the bridge portion 13B is 
formed as the reference surface SS1 for the mechanical 
origin. A reference surface SS2 corresponding to the refer 
ence surface SS1 for the mechanical origin on either side is 
formed as the upper surface of a rigid body pillar 31 Which 
stands up from a reference horiZontal ?oor surface SS3. The 
coincidence of the reference surface SS1 for the mechanical 
origin and the reference surface SS2 may be detected by a 
touch sensor (not shoWn) Which detects contact of the rigid 
body pillar 31 and the handle portion 13. 

[0049] The biped locomotion robot has a Weight to the 
eXtent for a human being, and is carried by using the handle 
portions 13 on both sides such that the reference surface SS1 
for the mechanical origin is made to coincide With the 
reference surface SS2 of the tWo rigid pillars 31. Or, the 
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biped locomotion robot is operated by a remote radio control 
such that the reference surface SS1 for the mechanical origin 
is made to coincide With the reference surface SS2 of the tWo 
rigid pillars. After that, the three coordinate systems S2, S3, 
and S4 are initialiZed using the coordinate system S1 as 
reference. That is, in the initial state, the element system is 
reset to the origins of all the coordinate systems S1, S2, S3, 
S4. 

[0050] FIGS. 11A and 11B shoW an alloWable range of 
the mechanical origin. The space formed betWeen a vertical 
plane 32 containing both points P and P of the handle 
portions 13 on both sides and a vertical plane 33 containing 
both points Q and Q of the handle portions 13 on both sides 
is de?ned as the alloWable range. The control target is that 
the horiZontal rotation axis 10 extending in a horiZontal 
direction in the ?rst joint portion 7, the horiZontal rotation 
axis 8H extending in a horiZontal direction in the second 
joint portion 8, and the horiZontal rotation axis 9H extending 
in a horiZontal direction in the third joint portion are located 
betWeen the tWo vertical planes 32 and 33. It is not necessary 
that the horiZontal rotation axes 7H, 8H and 9H are located 
on a single vertical plane. Rather, it leads excellent stability 
that the horiZontal rotation axes 7H, 8H and 9H are not 
located on the single vertical plane. The Whole mass distri 
bution in the robot is designed such that the center of gravity 
G of the Whole biped locomotion robot is in the alloWable 
range When the horiZontal rotation axes 7H, 8H and 9H are 
in such an alloWable range. The grounding surface of the 
foot portion 5 is contained in this alloWable range. The 
rotation position of a servomotor or rotation drive section 
corresponding to each joint portion is rest and initialiZed 
When the adjustment of the center of gravity is ended. 

[0051] It should be noted that in this example, the handle 
portions 13 are attached to the side portions 14 of the 
fundamental body portion 6. HoWever, the handle portions 
13 may be provided as protrusion sections (not shoWn). 
Also, it is not necessary that the handle portions 13 are on 
a same horiZontal plane. If the position of the center of 
gravity is located on a slant plane passing through the handle 
portions 13, it is possible to stabiliZe the posture of the robot 
easily. The adjustment of the origin by the robot itself is 
possible by using the handle portions and the reference 
surface. 

[0052] Various parameters are contained in the Walking 
control. It has been proved that impact relaxation, proper 
rigidity and the optimiZation of mass of a movement body 
are important physical factors for the Walking control. In the 
biped locomotion robot of the present invention, the folloW 
ing relations are set. 

[0053] (1) The rigidity of the fundamental body portion 
6 or the rigidity of the fundamental body portion 6 and 
the object rigidly coupled to the fundamental body 
portion 6>the rigidity of the ?rst leg portion 3>the 
rigidity of the second leg portion 4, 

[0054] (2) The total mass of all the objects Weighting on 
the fundamental body portion 6>the mass of the ?rst 
leg portion 3>the mass of the second leg portion 4, and 

[0055] (3) The condition (1)+the condition (2) 

[0056] The rigidities may be de?ned based on the ?exural 
rigidity or the torsional rigidity When the both ends of each 
object are supported and a load or pressure is applied to a 
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predetermined position or region. It is important that the 
rigidity of the object coupled to the fundamental body 
portion 6 and located in a further distance doWnWardly from 
the fundamental body portion 6 is loWer and smaller in mass. 
The conditions (1), (2) and/or (3) facilitate the analysis of 
the variable dependence and parameter dependence in the 
directional control. For example, When the mass of the foot 
portion 5 is larger, the movement of the foot portion 5 has 
a large in?uence on the control of the Whole of systems. 
Thus, it is difficult to determine Whether the movement of 
the Whole of systems depends on the pursuit of the servo 
motor or the centrifugal movement of the foot portion 5 With 
a large inertia (inertia mass). HoWever, if the mass of the 
foot portion 5 is set small, it can be determined that the 
movement of the Whole of systems depends on the pursuit of 
the servomotor largely. This depends strongly on the rigidity 
of each system especially. The ?rst and second links are 
properly given With high rigidities and the rigidities of them 
are designed to be loWer than the rigidity of the fundamental 
body portion. 

[0057] When the attachment portions of the handle portion 
are determined for the gravity center to be located in the 
neighborhood of a horiZontal region containing the handle 
portions 13, the stability is good When the Whole robot is 
carried by using the handle portions 13. Especially, When the 
robot is installed on the stiff pillar by using the handle 
portions 13, it is easy to adjust the positions of the foot 
portions 5 to the handle portions 13 such that the grounding 
surfaces of the foot portions 5 are parallel to the reference 
plane of the handle portions 13. 

[0058] In case that the arm portions 25 and the head 
portion 22 are attached freely in sWinging to the fundamen 
tal body portion 6 With the highest rigidity or the upper body 
housing 11 having of a high rigidity and coupled to the 
fundamental body portion 6 in the robot, the light Weight of 
the Whole system can be realiZed. The cell battery is inserted 
betWeen the fundamental body portion 6 and the upper body 
housing 11 and use ef?ciency of the space can be improved 
While keeping the rigidity. 

[0059] FIG. 12 shoWs the body section cover 16 and the 
carrying type control unit 26. FIG. 13 shoWs a part of the 
fundamental body portion 6 When an upper portion 26A of 
the carrying type control unit 26 is removed and a part of the 
body section cover 16 is opened. FIG. 14 is a perspective 
vieW of the Whole of fundamental body portion 6. In FIG. 
14, the arroW F shoWs the front direction. The fundamental 
body portion 6 is formed of light alloy casting as a unit to 
have a high rigidity and a proper thickness in the vertical 
direction. TWo positioning holes 41 corresponding to the tWo 
leg portions are formed in the fundamental body portion 6. 
To position each leg portion, a positioning pin hole 45 is 
formed. The tWo leg portions are ?rmly coupled to the 
fundamental body portion 6 With bolts passing through bolt 
holes 44 Which are formed in the fundamental body portion 
6. A reinforcement rib 49 is formed in a cross in each of the 
tWo positioning holes 41. 

[0060] FIGS. 15 and 16 shoW a structural section 52 of 
the ?rst joint portion 7. The structural section 52 of the ?rst 
joint portion 7 has a ?xation section 52A and a rotation 
section 52B. The top section of the ?xation section 52a of 
the structural section 52 is formed to have an outer circular 
cylinder surface 54. The circular cylinder surface 54 is ?t to 




